During a 1-year period between August 1990 and July 1991, the United States government deployed almost 700,000 troops in the Persian Gulf in response to Iraq's invasion of Kuwait. An air war against Iraq was initiated in the middle of January 1991. Toward the end of February, a ground war was initiated. Five days after the ground war began, Iraq capitulated, and the war was over by February 28, 1991 . Despite the short duration of the war and the relatively few combat casualties inflicted upon US troops, concern about health consequences related to the war persists to this day. A list of potentially harmful exposures has been evolving for the past decade. It now includes oil fire smoke; chemical and biological warfare agents; prophylactic agents against chemical and biological warfare, such as pyridostigmine bromide pills and anthrax vaccine; multiple vaccinations; depleted uranium; pesticides; endemic infectious diseases; and psychological and physical stresses of deployment (1) (2) (3) .
In response to increasing concern about the health of Gulf War veterans, the US Departments of Defense and Veterans Affairs initiated an intensive health registry examination program and sponsored numerous health studies (4-6). To date, approximately 100,000 US Gulf veterans have completed the registry physical examination, and more than 145 research projects have been funded and are in varying stages of completion (7) .
The published findings from studies of morbidity conducted to date include the following. Gulf veterans experienced a higher prevalence of numerous symptoms and psychological conditions, including posttraumatic stress disorder, than nondeployed veterans (8, 9) ; many of these symptoms were not explained by any diagnosable disease (10) ; no single disease was uniquely associated with the Gulf War (10, 11) ; Gulf veterans who remained on active duty were not hospitalized at a higher rate than nondeployed peers (12) ; and no higher rate of birth defects was observed among children of Gulf veterans born at military hospitals (13) . Many areas of uncertainty remained, including how the health status of Gulf veterans had changed over time.
In parallel with concerns about ill health, there has been a persistent suggestion that Gulf War veterans may have a higher rate of postwar mortality than non-Gulf veterans and that risks of death from certain causes may be especially elevated. Two previous studies reported a consistent pattern of increased risk of death from accidents, including motor vehicle accidents, among Gulf veterans during the period of deployment and in the 2 1 ⁄ 2-year period following deployment (14, 15) . These studies also showed that rates of mortality from disease-related causes were not significantly increased, suggesting that illnesses related to the Gulf War were not life-threatening. As a means of assessing the longterm health consequences of deployment, continued monitoring of mortality both from diseases with a long latency period and from unintentional injuries will be of significant value.
The current study is a continuation of a postwar mortality study of Gulf veterans (15) , extending vital status follow-up for 4 additional years. We also evaluated changing patterns of mortality over almost 7 years of follow-up.
MATERIALS AND METHODS

Study subjects
The Gulf War veterans included in the study were limited to those 621,902 veterans who arrived in the Persian Gulf prior to March 1, 1991 . This date was chosen in order to exclude individuals who arrived in the Persian Gulf theater after hostilities ended and were therefore not likely to have received exposures of concern (chemical and biological warfare agents, vaccination against anthrax or botulism, pyridostigmine bromide pills, psychological stresses of combat, etc.). The 746,248 non-Gulf veteran controls consisted of a stratified random sample of all military personnel, including those on active duty, in the reserves, or in the National Guard, who served during the conflict but were not deployed in the Persian Gulf theater. For controls serving in the reserves and the National Guard, equal numbers were selected from units that were activated but not sent to the Persian Gulf and units that were not activated at all. Troops who were sent to the Persian Gulf for the first time after the war ended were excluded from the pool of potential controls prior to sampling.
Demographic/military service characteristics
The Defense Manpower Data Center provided information on demographic and military service-related characteristics for all study veterans. These data included date of birth, race, marital status during the war, gender, military rank, branch of service, deployment date, and type of service unit (active, reserve, or National Guard). Additional data available for Gulf veterans included physical proximity to the munitions depot at Khamisiyah, Iraq, where on March 10, 1991, US troops exploded abandoned Iraqi munitions that contained nerve gas (16) (17) (18) . Using models developed by the Department of Defense, a total of 48,281 Gulf veterans in the study were identified as likely to have received at least subclinical exposure to nerve gas, sarin, and cyclosarin.
An extensive description of the Department of Defense exposure plume model has been provided elsewhere (18) . In summary, a panel consisting of numerous nonfederal and federal experts, on the basis of multiple sources of meteorologic, munitions, and toxicologic data, circumscribed the geographic areas that contained low-level, vaporized nerve agent for 4 days after the destruction in March 1991. The geographic areas under the estimated plume were overlaid on military unit positions, and the troops assigned to the units stationed under the plume during those 4 days were identified. The area under the plume would have had nerve agent concentrations above the general population limit (0.0126 mg-minute/m 3 ), which was defined as the dosage below which the general population, including children and the elderly, could endure for at least 72 hours without symptoms. (19) .
Death certificates were requested from the Veterans Affairs regional office or federal record center identified in BIRLS as the location of the veteran's claim folder. For death certificates that were not available from a Veterans Affairs regional office or federal record center, the National Death Index was used. Since 1979, state vital statistics offices have reported all deaths, including data on cause of death, to the National Center for Health Statistics, which maintains the National Death Index database. Causes of death were coded by a qualified nosologist who used the International Classification of Diseases, Ninth Revision (20), without knowing the subject's deployment status.
Statistical analysis
The data were analyzed in four stages. First, for each Gulf War veteran, the number of person-years at risk of dying was counted from the date on which the veteran left the Persian Gulf theater. For comparison group veterans, follow-up began on May 1, 1991. Follow-up for both groups of veterans ended on December 31, 1997, or the date of death, whichever came first. The relative frequencies of overall deaths and cause-specific deaths were compared between Gulf veterans and non-Gulf veterans on the basis of person-years at risk. Unadjusted rate ratios were calculated from the crude death rates.
Second, Cox proportional hazards models were used to account for possible confounding and effect modification by selected covariates related to a veteran's risk dying from a specific cause, according to time since the veteran's entry into the cohort (21) . Adjusted rate ratios derived from these models were used to approximate relative risk. The covariates considered in the models included Persian Gulf service (yes/no), age at entry into follow-up, race, marital status, service branch, and type of military unit. This analysis was carried out for male and female veterans separately. For Gulf veterans, cause-specific mortality risk was also assessed relative to the likelihood of exposure to nerve gas at the Khamisiyah site (yes/no).
Third, the cause-specific mortality of Gulf War veterans and non-Gulf veteran controls was compared with the number of deaths expected in the overall US population, with adjustment for age, gender, race, and year of death. The results are presented as standardized mortality ratios expressing the ratio of the observed number of deaths among veterans to the expected number of deaths in the general population (22) . Any rate ratio or standardized mortality ratio was considered statistically significant when its 95 percent confidence interval did not include 1.0.
Finally, changes in relative mortality by follow-up period between Gulf veterans and their non-Gulf veteran counterparts were determined by chi-squared test for trend (23) . Follow-up was divided into four periods of approximately 20 months each: from entry into follow-up to December 31, 1992 (follow-up 1); from January 1, 1993, to August 31, 1994 (follow-up 2); from September 1, 1994, to April 30, 1996 (follow-up 3); and from May 1, 1996, to December 31, 1997 (follow-up 4). For each follow-up period, an adjusted rate ratio was derived from the Cox proportional hazards model, with adjustment for age, race, gender, marital status, branch of service, and unit component.
RESULTS
A total of 4,506 deaths were identified among the 621,902 Gulf War veterans. Cause of death was obtained for 4,268 (94.7 percent) of the Gulf veterans. Among the 746,248 nonGulf veterans, 5,918 deaths were identified, and information on cause of death was available for 5,575 (94.2 percent). Gulf veterans had a total of 4,163,682.5 person-years at risk, with an average length of follow-up of 6.68 years. Control group veterans had 4,957,466.8 total person-years at risk and an average of 6.64 years of follow-up.
Military and demographic characteristics
Gulf veterans had fewer females than non-Gulf veterans (7 percent vs. 13.3 percent), were slightly younger than nonGulf veterans (mean age in May 1991: 28.4 years vs. 30.2 years), and had more troops assigned to regular active-duty units (83.3 percent vs. 70.2 percent). Both groups of veterans were similar with regard to race, marital status, and branch of service (table 1) .
Cause-specific mortality
Cause-specific mortality rates of Gulf veterans were compared with those of non-Gulf veterans by gender, with and without adjustment for age, race, branch of service, unit component, and marital status (table 2) . Among male veterans, Gulf veterans had slightly lower risks of both overall mortality and mortality due to natural causes than non-Gulf veterans. The deficit from death due to infectious diseases (adjusted rate ratio ϭ 0.31, 95 percent confidence interval (CI): 0.24, 0.41) contributed significantly to the lower mortality from natural causes. Thirty-eight of the 67 (57 percent) deaths due to infectious diseases among Gulf veterans and 190 of the 233 deaths (82 percent) due to infectious diseases among non-Gulf veterans were related to human immunodeficiency virus (HIV) infection with specified conditions (International Classification of Diseases, Ninth Revision, code 042). There were no significant excesses of overall cancer deaths or deaths from cancer at any specific site among Gulf veterans compared with non-Gulf veteran controls. There was a significant deficit of deaths due to HIV infection (rate ratio ϭ 0.21, 95 percent CI: 0.15, 0.30) and a nonsignificant deficit of deaths due to amyotrophic lateral sclerosis (rate ratio ϭ 0.59, 95 percent CI: 0.21, 1.66) among Gulf veterans compared with non-Gulf veteran controls. Regarding other natural causes of death, such as cardiovascular diseases and respiratory diseases, no significant difference was observed between Gulf veterans and nonGulf veterans. Among female Gulf veterans, overall mortality and mortality due to natural causes were not significantly different between Gulf veterans and non-Gulf veteran controls. However, both male and female Gulf veterans were at increased risk of traumatic death. In male Gulf veterans compared with male non-Gulf veterans, there were statistically significant increased risks of death due to all accidents and death due to motor vehicle accidents. Female Gulf veterans had significantly higher mortality from all external causes and from motor vehicle accidents than female nonGulf veterans.
Cause-specific mortality and likelihood of exposure to nerve gas
The cause-specific mortality risks associated with the likelihood of having been exposed to nerve gas at Khamisiyah are presented in table 3. Comparing the mortality rate of 48,281 Gulf veterans who were potentially exposed to nerve gas with that of 573,621 other Gulf veterans who were not likely to have been exposed, there was no statistically significant increased risk in mortality from all causes, cancer, all natural causes, motor vehicle accidents, or suicide. Other causes of death were also examined, and none were found to be associated with the Khamisiyah exposure variable.
Comparison with the general population
In comparison with the general US population, adjusting for age, race, gender, and calendar year of death, neither group of veterans had any excess in cause-specific mortality. In fact, both Gulf and non-Gulf veterans had statistically significant deficits in overall mortality (standardized mortality ratios were 0.41 (95 percent CI: 0.40, 0.42) and 0.42 (95 percent CI: 0.41, 0.43), respectively) and in most of the major disease categories compared with the general population.
Changes in relative mortality over time between Gulf veterans and non-Gulf veterans
For Gulf veterans, the risk of death from motor vehicle accidents has decreased steadily over time, from a rate ratio of 1.32 (95 percent CI: 1.13, 1.53) in the first follow-up period to a rate ratio of 1.00 (95 percent CI: 0.82, 1.22) in the last follow-up period (table 4) . The chi-squared value (χ 2 ϭ 7.53) indicated a significant ( p ϭ 0.0061, two-sided) decreasing trend in the risk of motor vehicle accident death with increasing time since the Gulf war among Gulf veterans compared with non-Gulf veterans. Risk of mortality due to disease-related causes among Gulf veterans in comparison with non-Gulf veterans has steadily increased over the last three follow-up periods. In the most recent follow-up period, the risks of mortality from natural causes were almost identical in the two veteran cohorts.
DISCUSSION
Over the entire follow-up period, both male and female Gulf War veterans were at higher risk of death from accidents, especially motor vehicle accidents. However, during the most recent follow-up period, which started in the sixth year after the end of the Gulf War (May 1996-December 1997), the relative risk of mortality due to motor vehicle accidents had fallen from 1.32 (95 percent CI: 1.13, 1.53) to 1.00 (95 percent CI: 0.82, 1.22 ). This observation is very consistent with a mortality study of Vietnam veterans in which the excess mortality due to motor vehicle accidents was most pronounced in the first 5 years after Vietnam service (24) . That study found that after the fifth year of follow-up, mortality due to motor vehicle accidents decreased to levels found in a non-Vietnam group (24) .
There was an indication of increased relative mortality due to "natural causes" with increasing time since the Gulf War, although the rate ratios remained below 1.0 at all times. This could be explained by the excess number of deaths related to HIV infection among non-Gulf veterans. If military personnel who were HIV-positive during the war were not deployed in the Persian Gulf, and if most of them subsequently developed acquired immunodeficiency syndrome and died after the war while the relative risk of death from other natural causes remained unchanged, then the rate ratio for natural causes would have risen steadily toward 1.0.
Considering a lower mortality rate as an indicator of health, this study also found that in general both Gulf veterans and non-Gulf veterans were healthier than the general US population. This finding is consistent with the "healthy soldier effect" that has been reported in other studies of veteran groups (25) (26) (27) (28) . Because of the initial health screening required for military service, requirements to maintain certain levels of physical fitness, and better access to medical services during and after military service, military cohorts are expected to be healthier than their comparable nonmilitary civilian counterparts. A recent study of veterans who were on active duty in 1986 reported that the mortality of the veterans was half that of a civilian comparison group (26) .
The underlying reasons for the increased risk of traumatic death among Gulf veterans are still not fully understood. One possible explanation is that these veterans may have engaged in more risk-taking behavior. A population-based survey of 30,000 Gulf War-era veterans indicated that since the war, Gulf veterans have been more involved in serious accidents, injuries, and illnesses than non-Gulf veterans (29) . Furthermore, a smaller portion of Gulf veterans who died in motor vehicle accidents were using seat belts at the time of the fatal accident in comparison with non-Gulf veterans who died in motor vehicle accidents (30) . Another possible explanation is that persons who have been involved in combat may be at increased risk for posttraumatic stress disorder, which in turn contributes to the excess number of deaths due to trauma (31) .
Among the strengths of this study was substantial statistical power to detect small to moderate increased risks of cause-specific mortality (15) . Sampling errors should have been reduced as well, since all Gulf War veterans were used as the study group and almost half of all veterans who did not go to the Persian Gulf were used as a comparison group (32) . The sources used to determine vital status in this study should have ensured fairly complete vital status ascertainment for both groups of veterans. In the first mortality study, which used the same sources for vital status ascertainment as this study, it was determined that vital status was ascer- A potential limitation of this study is that some of the non-Gulf veterans may not have been as healthy as those sent to the Persian Gulf, as indicated by the excess number of deaths from HIV infection among non-Gulf veterans. Non-Gulf veterans may have included individuals who were recovering from surgery or had ailments serious enough to preclude them from being deployed but not serious enough to require their dismissal from the military. To evaluate the magnitude of this potential selection bias, we compared the mortality of a group of 106,840 non-Gulf reservists and National Guard veterans who were activated and deployed in locations other than the Persian Gulf with the mortality of 115,478 reserve and National Guard members who were not activated at all (32) . Employing the same Cox proportional hazards models, we found no difference in either overall mortality or cause-specific mortality between the two groups, although the adjusted rate ratio for infectious and parasitic diseases (International Classification of Diseases, Ninth Revision, codes 001-139) was 0.43 (95 percent CI: 0.11, 1.62). If there had been significant selection bias, those deployed would have had a significantly lower risk of cause-specific mortality than those not deployed. Gray et al. (33) also reported, on the basis of prewar hospitalization rates among Gulf and non-Gulf veterans, that the effect of the possible selection bias was transient and largely resolved by the conclusion of the war. Gray et al. noted that military personnel in general are healthy and without serious chronic conditions. If they develop a chronic disease that causes a sustained reduction in their ability to perform their military duties, they are eventually separated from military service. We believe that the effect of this potential selection bias would be very limited and could not have accounted for all of our findings.
Another potential limitation is the reliance on death certificates rather than medical records for information on cause of death. While death certificates are reliable sources for vital status ascertainment, their accuracy in recording causes of death may be variable, especially where cancerrelated deaths are concerned (34, 35) . However, agreement between medical records and death certificates has been reported to be good for external causes of death (24) .
One final limitation is the lack of data on characteristics and behaviors not related to military service (e.g., excessive alcohol consumption, smoking) that could be risk factors for adverse health outcomes. However, such factors should have been present in similar proportions among Gulf veterans and non-Gulf veterans, as both groups joined the military prior to the Gulf War, and in almost all instances deployment to the Persian Gulf area was not voluntary.
In summary, over 7 years of follow-up, veterans who served in the Persian Gulf during the Gulf War were at greater risk for death due to motor vehicle accidents than their non-Gulf counterparts. However, during the same period, the risk decreased steadily over time. The lower risk of death due to disease-related causes observed earlier among Gulf veterans all but disappeared in the most recent follow-up period. For both Gulf veterans and non-Gulf veterans, mortality risk remained less than half that expected in their civilian counterparts.
